Effect of temperature on submerged membrane activated sludge reactor by Abdul Rahman, Sabariah
vii
TABLE OF CONTENTS
CHAPTER TITLE PAGE
DECLARATION ii
DEDICATION iii
ACKNOWLEDGEMENT iv
ABSTRACT v
ABSTRAK vi
TABLE OF CONTENTS vii
LIST OF TABLES xii
LIST OF FIGURES xiii
LIST OF ABBREVIATIONS xv
LIST OF APPENDICES xvi
1 INTRODUCTION 1
1.1 Introduction
1.2 Problem Statement
1.3 Aim and Objectives
1.4 Scope and Limitation
1.5 Importance of the Study
1
3
5
5
6
2 LITAERAURE REVIEW 7
2.1 Biological Treatment
2.2 Aerobic Treatment Process
7
8
viii
2.3 Principal Application of Aerobic Biological
Process
2.3.1 Removal of Biodegradable Dissolved
and Colloidal Organic Matter
2.3.2 Nitrification
2.3.3 Denitrification
2.3.4 Phosphorus Removal
2.4 Classification of Aerobic Biological Process
2.4.1 Attached Growth System
2.4.2 Suspended Growth System
2.5 Microbial Process In Aerobic Treatment
2.6 Factors Affecting Aerobic Process
2.6.1 Dissolved Oxygen
2.6.2 Food over Mass Ratio
2.6.3 Solids Retention Time (SRT)
2.6.4 Organic Loading
2.6.5 pH
2.6.6 Temperature
2.6.7 Nutrients
2.7 Advantages and Disadvantages of Aerobic
Process
2.8 Activated Sludge
2.8.1 Characteristics of Conventional
Activated Sludge System
2.8.2 Activated Sludge Process Design
Requirements
2.8.3 Process Analysis and Control of
Activated Sludge Process
2.8.3.1Selection of Reactor Type
2.8.3.2Kinetic Relationships
2.8.3.3Solids Retention Time and
Loading Criteria
2.8.3.4Sludge Production
9
10
11
12
13
13
14
14
15
16
17
18
19
20
21
21
22
22
23
24
26
27
27
28
29
30
ix
2.8.3.5Nutrients and Other
Chemicals Requirements
2.8.4 Issues on Design, Operation and
Maintenance of Conventional
Activated Sludge System
2.8.4.1Sludge Bulking
2.8.4.2Rising Sludge
2.8.4.3Processing Time
2.8.4.4Large Area Requirements and
High Energy Cost
2.9 Sequencing Batch Reactors
2.10 Membrane Bioreactors
2.10.1 Classification of MBRs
2.10.2 External Loop (Side- stream) Cross-
flow Membrane MBR
2.10.3 Submerged Membrane
2.11 Effect of Temperature
2.12 Summary of Literature Review
30
31
31
34
35
35
36
38
41
42
43
44
47
3 RESEARCH METHODOLOGY 49
3.1 Introduction
3.2 Study Outline
3.3 Design of Submerged Membrane Activated
Sludge reactor
3.4 Operational Method of Submerged
Membrane Activated Sludge Reactor
3.4.1 Organic Loading Rate
3.4.2 Feed and Nutrients
3.5 Seed Sludge
3.6 Design of Experiments
3.7 Sampling and Analysis
3.7.1 COD Measurements
49
50
52
54
54
55
56
58
58
59
x3.7.2 Total Suspended Solids (TSS or
MLSS) Measurements
3.7.3 Volatile Suspended Solids (VSS or
MLVSS)
3.8 On-line measurements
3.8.1 pH
3.8.2 Dissolved Oxygen (DO)
61
63
64
64
65
4 RESULTS ANALYSIS AND DISCUSSIONS 66
4.1 Introduction
4.2 Research Data Methodology
4.3 Feed and Nutrients Characterization
(Synthetic Wastewater)
4.4 Seed Sludge
4.5 Submerged Membrane Activated Sludge
Reactor Start-Up
4.6 Effect of Temperature on COD Removal
4.7 Effect of Temperature on pH profile
4.8 Effect of Temperature on Dissolved Oxygen
(DO) profile
4.9 Solids Washout
4.9.1 Effect of Temperature on Mixed
Liquor Suspended Solids (MLSS)
4.9.2 Effect of Temperature on Mixed
Liquor Volatile Suspended Solids
(MLVSS)
4.10 Effect of Temperature on Specific
Degradation Rate
66
67
67
67
68
69
71
72
73
73
74
75
xi
5 CONCLUSIONS AND RECOMMEMDATIONS 78
5.1 Introduction
5.2 Conclusions
5.3 Recommendations
78
78
80
REFERENCES 83
APPENDICES 89
xii
LIST OF TABLES
TABLES NO. TITLE PAGE
2.1 Important kinetics relationships factors 29
2.2 Factors that affect sludge bulking 33
2.3 Description of operational steps for the
Sequencing Batch Reactors (SBR)
37
2.4 Examples of MBR Applications to different
types of wastewaters
41
3.1 Chemical composition of the synthetic
wastewater.
55
3 2 Operating condition of the reactor. 58
3.3 Monitoring schedule for chemical analysis. 59
4.1 Characteristics of raw synthetic wastewater. 67
4.2 Characteristics of seeding sludge. 68
5.1 Problems occur during the reactor start-up
and operational difficulties of the reactor
during this study.
80
xiii
LIST OF FIGURES
FIGURE NO. TITLE PAGE
2.1 Aerobic systems. 9
2.2 Typical activated sludge systems. 25
2.3 Typical SBR operations for one cycle 38
2.4 Typical MBR systems. 39
2.5 Replaced units in a wastewater treatment
plant with the use of MBR
40
2.6 External Loop Crossflow and submerged
systems
42
2.7 Two different set-ups for submerged
membranes.
44
3.1 Outline of the study 51
3.2 Submerged Membrane Activated Sludge
reactor.
52
3.3 Laboratory – scale Submerged Membrane
Activated Sludge reactor.
53
3.4 Chemicals used for the synthetic wastewater. 56
3.5 Wastewater treatment plant at Glaxo Smith
Kline (GSK) company.
57
3.6 Sludge collected at Glaxo Smith Kline
(GSK) company.
57
3.7 The HACH COD reactor used for COD
measurements.
61
3.8 Oven used for Total Suspended Solids (TSS
or MLSS) measurements.
62
3.9 Vacuum pump used for Total Suspended 62
xiv
Solids (TSS or MLSS) measurements.
3.10 Wise Therm Muffle Furnace used for the
volatile suspended solids measurements.
63
3.11 pH probe use for the pH measurements. 64
3.12 DO probe use for the DO measurements. 65
4.1 The effect of the temperature on soluble
COD removal of the Submerged Membrane
Activated Sludge reactor.
70
4.2 Effect of Temperature on the profile of pH. 71
4.3 Effect of Temperature on the profile of
Dissolved Oxygen (DO).
72
4.4 Effect of Temperature on Mixed Liquor
Suspended Solids (MLSS).
74
4.5 Effect of Temperature on Mixed Liquor
Volatile Suspended Solids (MLVSS).
75
4.6 Effect of the temperature on specific
degradation rate.
77
xv
LIST OF ABREVATIONS
ºC Degree celcius
DO Dissolved Oxygen
COD Chemical Oxygen Demand
BOD Biological Oxygen Demand
MLSS Mixed Liquor Suspended Solids
MLVS Mixed Liquor Volatile Suspended Solids
SS Suspended Solids
VSS Volatile Suspended Solids
HDPE High Density Polyvinyl Ethylene
mg/L Milligram per litre
g/L Gram per litre
UTM Universiti Teknologi Malaysia
m metre
cm centimetre
mm milimetre
xvi
LIST OF APPENDICES
APPENDIX TITLE PAGE
A LABORATORY DATA 89
B DETERMINATION OF CHEMICAL OXYGEN
DEMAND (COD)
95
